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46 Please provide us with a summary testimony.
47
48 This paper was written to evaluate geologic infom1ation conceming aquifers in the
49 eastel11 South Dakota for the South Dakota Public Utilities hearing to be held in
50 December, 2007. This infol111ation is relative to the application for a permit (re: thc
51 South Dakota Energy Conversion and Transmission Act) to construct the Keystone
52 Pipeline Project by TransCanada.
53
54 The proposed pipeline route is shown in Figure 1. The route extends along the eastern
55 side of the James River Valley from Marshall County to Yankton County.
56
57
58 Please provide us with a summary of the geology and aquifers located in the area
59 that would be crossed by the proposed pipeline route.

60
61 AQUIFERS
62 The geology of eastel11 South Dakota consists of glacial drift and alluvium on top of
63 Crctaccous or Precambrian bedrock.
64
65 Till underlies much of eastem South Dakota. These deposits have very low penneability.
66 Barari and Hedges (1985) show, for example, that 14C dates on water in unweathered till
67 are approximately 10,000 years old.
68
69 The major aquifers in eastem South Dakota are: (I) glacial outwash and (2) alluvium
70 underlying flood plains. Bedrock aquifers including the Cretaceous Dakota Sandstone
71 also exist in some places. The plimary concem relative to a possible oil pipeline break is
72 the near surface aquifers such as alluvium and outwash.
73
74 Outwash aquifers consist of fine to very coarse sand and gravel (Hamilton, 1978). There
75 are published hydrogeologic studies that show the location of outwash aquifers near the
76 proposed pipeline route. For example, Koch and Bradford (1978) describe the outwash
77 aquifers that are a water supply for Aberdeen.
78
79 Koch (1975) describes the "James aquifer" in Marshall County. This outwash aquifer
80 provides 500 gpm or more to wells. It can be very near the land surface, extending to 200
81 ft depth in some places (Koch, 1975, Figure 19). Recharge to this outwash is by ground
82 water inflow and by percolation fi'om precipitation.
83
84 In Clark County, Altamont Aquifer 2 underlies 630 square miles, and has a depth ranging
85 Ii'om lOft in the west to 480 ft under the Coteau de Prairie (Hamilton, 1986). Up to 2,000
86 gpm can be obtaincd from wells in this aquifer.
87
88 Alluvium under flood plains is the primary source of water for Sioux Falls (Koch, 1982)
89 and Brookings. The deposits are typically less than 100 it thick, but typically are very
90 permeable. Leap (1988) and Rahn (1988) describe the origin of alluvial and glacial
9 I deposits in Day County, and their relation to the numerous glacial lakes.
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92 In your professional opinion, what arc the potential impacts that could result if the
93 TransCanada-Keystone Pipeline were constructed and operated through eastern
94 South Dakota as proposed?
95
96 POTENTIAL IMPACTS FROM THE PROPOSED TRANSCANADA PIPELINE
97 The proposed pipeline crosses several geologic units in eastem South Dakota. Figure I is
98 the state geologic map showing these Quatemary units, including lacustrine deposits in
99 Marshall County, and alluvium and till (ground moraine) in Day, Clark, in Day, Miner,

100 Hanson, McCook, Hutchinson, and Yankton Countics.
101
102 The geological map of South Dakota (Martin et aI., 2004) can be used to study the
103 potential impacts to ground water caused by a pipeline leak. The map (Figure I, to be
104 presented at the December hemings) is available on-line; the map used in this study was
105 printed at I :500,000 scale. There are more detailed geologic maps of some locales, such
106 as Marshall (Koch, 1975), Day (Leap, 1988), and Clark (Hamilton, 1978) Counties. In
107 order to examine the geologic factors involved along the entire pipeline route, this map
108 by Martin et al. (2004) was chosen because is shows the entire route at the same scale
109 with consistent geologic units.
I 10
111 Maps showing the proposed pipeline route and mileposts for the Keystone Pipeline
112 Project are available at the TransCanada website. This proposed oil pipeline would cross
I I 3 the general area served by WEB Water. The WEB Water Development operates a
I 14 regional water pipeline system to 8,000 homes and 105 towns in this area. WEB Water is
I 15 cUITently explOling the use of ground water in glacial drift in Marshall, Day and Clark
I I 6 Counties; this ground water would be used to blend with Missouri River water for use by
I I 7 WEB Water.
I 18
I I 9 The primary factor in assessing the environmental impact to ground water supplies is the
120 possibility of a leak from the pipeline. Alluvium and glacial outwash are highly
121 susceptible to contamination because they are quite penneable. Till, on the other hand, is
122 virtually impermeable.
123
124 From the Canadian border to the Missouri River Valley at Yankton, the proposed pipeline
125 crosses 24 different streams where alluvium is extensive enough to be mapped at
126 I :500,000 scale. Using the geological map by Martin et al. (2004) a total of I 7 miles of
127 alluvium would be traversed by a pipeline where it crosses these stream valleys.
128
129 An oil leak into these alluvial deposits would not only contaminate the alluvium near the
130 pipeline, but would most likely surface into a nearly stream. In the alluvial aquifer, the
13 I contaminants would move slowly downgradient (westerly) into the James River Valley.
132 The contaminants could migrate irom alluvium to outwash because the alluvium is
133 hydraulically connected to outwash aquifers. Because outwash and alluvial aquifers are
134 being utilized, these deposits should be considered "geological sensitive" areas. They are
135 "High Consequence Areas" (HCA) and need special protection.

136
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137 What impact on water quality, public safety and the environment in general would
138 a crude oil leak from the TransCanada-Keystone Pipeline cause?
139
140 An oil leak into these alluvial deposits would not only contaminate the alluvium near the
141 pipeline, but would most likely surface into a nearly stream. In the alluvial aquifer, the
142 contaminants would move slowly downgradicnt (westerly) into the James River Valley.
143 The contaminants could migrate fi'om alluvium to outwash because the alluvium is
144 hydraulically connected to outwash aquifers. Because outwash and alluvial aquifers are
145 being utilized, these deposits should be considered "geological sensitive" areas. They are
146 "High Consequence Areas" (HCA) and need special protection.
147
148
149 What could be done by TransCanada and/or the State of South Dakota to protect
150 against contamination of ground water?

151
152 ALTERNATE ROUTE
153 It appears that the only altemative route for the Keystone pipeline that has been proposed
154 by TransCanada is along 1-29, roughly 40 miles east of the proposed pipeline.
155
156 Another altemative route should be studied that would have minimal potential for ground
157 water contamination. If the pipeline were moved about 8 miles to the east of the proposed
158 pipeline, there would no stream crossings where alluvium would be encountered. [See
159 Figure I (to be presented at the December hearing).]
160
161 This altemative route, along the westem edge of the Prairie Coteau, is underlain by lateral
162 and stagnation moraines that are composed of till (Rahn, 1977; Gries, 1996). Due to the
163 extremely low permeability of till, in the event of a pipeline rupture, there would be little
164 opportunity to contaminate penneable alluvial deposits.

165

166
167 After reviewing the information available to you on the TransCanada- Keystone
168 Project, what conclusion have you reached and what recommendation would you
169 offer?
170
171 CONCLUSION
172 I urge the PUC to deny the application by TransCanada until another altemative route is
173 studied. The altemative route that I am proposing is about 8 miles east of the route
174 proposed by TransCanada. The route I am proposing takes into account the geology. It is
175 a vastly superior route because the pipeline would be excavated into glacial till. It would
176 not cross 17 miles of alluvium like the route proposed by TransCanada. Hence, in the
177 event of a leak, the oil would have much less opportunity to contaminate the aquifers.

178
179 Does this conclude your direct testimony?
180
181 Yes.
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182
183 Would you be available to present testimony and respond to questions on a dated
184 schedule during the formal hearing process set for December 3 to December 14,
185 200n
186
187 Yes
188
189 Date this 13 th day of November, 2007.
190
191
192
193 Perry H. Rahn, Ph.D, Professional Engineer
194
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M.S. thesis, 41 p.
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23. Coker, Diane K., 1980, Shallow ground water resources of a portion of Rapid
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Brook, Hilary James, 1981, Evaluation ofpotential flood water detention sites for
artificial recharge, Black Hills, South Dakota: M.S. thesis, 54 p.

Peter, Kathy Dyer, 1981, The use of hydrochemical facies maps to distinguish
three lower Cretaceous aquifers in a section of the northem Great Plains:
M.S. thesis, 113 p.

Roca, Luis R., 1981, Engineering geology and relative slope stability of the Inyan
Kara hogback, Rapid City, South Dakota: M.S. thesis, 145 p.

Hall, Rowland T., 1982, Radiological and environmental assessment of
abandoned uranium mines in the Edgemont Mining District, South
Dakota: M.S. thesis, 63 p.

Davis, Arden D., 1983, Digital models of ground-water flow, solute transport, and
dispersion for part of the Spearfish Valley Aquifer, Lawrence County,
South Dakota: Ph.D. thesis, 106 p.

Hafi, Zuhair B., 1983, Digital-computer model for nitrate transport in the Rapid
Valley aquifer, Pennington County, South Dakota: M.S. thesis

Quyang, Shoung, 1983, Land subsidence due to gypsum solution inthe westem
part of Rapid City, South Dakota: M.S. thesis, 67 p.

Bajabaa, Saleh, 1984, Hydrogeology of Wadi Turaba, Saudi Arabia: M.S. thesis,
195 p.

Kremin-Smith, Denise J., 1984, Hydrogeology ofa portion ofthe Ogallala
aquifer South-central Todd County, South Dakota: M.S. thesis, 76 p.

Kyllonen, David P., 1984, Hydrogeology of the lnyan Kara, Minnelusa, and
Madison aquifers of the northem Black Hills, South Dakota and Wyoming:
M.S. thesis, 74 p.

Mannai, Mohamed A., 1984, Digital-computer models of sedimentation in Angostura
Reservoir, Fall River County, South Dakota: M.S. thesis, 110 p.

Musa, Nagieb S., 1984, Hydrogeology of the alluvial aquifer in eastem Rapid
City, Pennington County, South Dakota: M.S. thesis, 96 p.

Gates, William C.B., 1985, Source and transpOli mechanisms of quartzite
boulders in the Red Valley area, Black Hills, South Dakota and Wyoming:
M. S. thesis, 196 p.

Bangsund, William J., 1985, Hydrogeology of upper Cretaceous shales and
overlying deposits, Igloo area, Fall River County, South Dakota: M.S.
thesis, 85 p.

Bergeron, Brian P., 1986, Gasoline contamination of the alluvial aquifer in east
central Rapid City, South Dakota: M.S. thesis, 55 p.

Eberlin, John E., 1986, Chemical weathering and mechanical properties of the
Carlile Formation at Igloo, South Dakota; M.S. thesis, 146 p.

Schreuder, Kenneth M., 1986, Predicting gypsum-anhydrite equilibria in the
subsud'ace -- a them10dynamic model: M.S. thesis, 66 p.

Wuolo, Ray W., 1986, Batch and column experiment studies of arscnic
attenuation in alluvium impregnated with gold-mine tailings along

Whitewood Creek, Black Hills, South Dakota; M.S. thesis, 166 p.
Ghassemi, Ahmad, 1986, Rock slope stability of a highway cut near Hill City,

South Dakota: M.S. thesis, 49 p.
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44. Petem1an, Bruce D., 1987, Hydrogeology of the proposed Northem Great Plains
Superconducting Super Collider site, Miner, Hanson, and Sanbom
Counties, South Dakota, M.S. thesis, 93 p.

45. Schubbe, Dennis 1.,1988, Hydrogeology of the Spcarhead Lake area, Hubbard
County, Minnesota; M.S. thesis, 71 p.

46. Sabtan, Abdullah A., 1988, A model for longitudinal and lateral distribution of
sediment for reservoirs: Ph.D. thesis, 307 p.

47. Kayabali, Kamil, 1989, Stability analysis of rock slopes and approaches of the
Keystone Tunnel, Pennington County, South Dakota; M.S. thesis, 97 p.

48. Getty, Michael G., 1989, Hydrogeology and Gcothem1al water utilization for the
City of Belle Fourche, South Dakota: M.S. thesis, 90 p.

49. Rizk, Zein-Elabidin S., 1990, Impact of the proposed Qattara Reservoir on the
Hydrogeology of northwestem Egypt: Ph.D. thesis, 276 p.

50. Qureshi, Shakaib A., 1991, Hydrogeology of the Rapid City Sanitary Landfill
area: M.S. thesis, 65 p.

51. Imam, Mozaffar, 1991, Factors affecting the yield of Madison wells in the Black
Hills: M.S. thesis, 96 p.

52. Wiles, Michael E., 1992, Infiltration at Wind and Jewel Caves: M.S. thesis, 70 p.
53. Onak, Ahmet, 1992, Explicit and tinite element modeling of shallow tunnels in

layered rocks to evaluate the Geomechanics classification: Ph.D. thesis,
190 p.

54. Ghannam, Jihad N., 1992, Anisotropic transmissivity model for the Madison
aquifer in Black Hills area: Ph.D. thesis, 253 p.

55. Dayananda, D.R., 1993, Hydrogeologic models for anisotropic aquifers in the
Black Hills, South Dakota: Ph.D. thesis, 196 p.

56. Syed, Nayyer Ahmed, 1994, Transmissivity and dispersivity in the Rapid Creek
alluvial aquifer at Rapid City, South Dakota: M.S. thesis, 78 p.

57. Nichols, Andrew D., 1994, Water quality impacts of selected abandoned mines in
the Black Hills National Forest, South Dakota; M.S. thesis, 123 p.

58. Honnappagowda, Gopinath, 1995, Laboratory study of tracer sorption in the
Madison aquifer: M.S. thesis, 64 p.

59. Klemp, Joseph A., 1996, Source aquifers for large springs in Northwestem
Lawrence County, South Dakota: M.S. thesis.

60. Glick, Jeffi·ey M., 1997, Hydrogeologic transport ofa JP-4 jet fl.lel release at
Ellsworth Air Force Base, South Dakota, 45p.

Funded Research

1. Connecticut Research Commission, Hydrology of the University of Connecticut
well field, $19,064, 1969.

2. NASA, Comparison oftelTestrial and lunar mass-wasting processes, $50,340,
1969-71.

3. South Dakota Water Resources Research Institute, "Origin oflarge resurgent
springs in the Black Hills area," $7,200,1969-70.
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South Dakota Water Resources Research Institute, Calculation ofpenneability of
Cretaceous Sandstones fi'om pumping and static level in selected areas of
westem South Dakota, $3,350, 1972-73.

South Dakota Water Resources Research Institute, "Ground Water Geochemistry
of the Pahasapa Limestone," $4,700,1973-74.

SDSM&T Faculty Research Committee, "Relationship of Boxelder Creek to
Cleghom Springs," $500.00, 1969-70.

SDSM&T Faculty Research Committee, "The effects of temperature on the
character oflocal quartzite and limestone and their stability for concrete
aggregate," $1,205,1973-74.

SDSM&T Faculty Research Committee, "Water Resources ofNemo area, South
Dakota," $3,000, 1975-76.

Old West Regional Commission, "Hydrology of Coal strip-mine spoils, Powder
River Basin," $80,636,1974-76.

ERDA (with J.P. GIics, et al.), "Geothennal applications ofthe Madison
Limestone in South Dakota," $I23,425, 1976-77.

U.S. Anny Corps of Engineers, "Westem South Dakota Reconnaissance Watcr
Plan, Stage I," $60,054,1979.

Union Carbide COIl)., "Hydrogeochemical and Stream Sediment Reconnaissance
Basic Data for Rapid City NTMS Quadrangle, South Dakota," $27,859, 1979.

SDSM&T Faculty Research Committee, "Erosion Below Mainstem Dams,"
$3,800, 1979-80.

U.S. Army Corps of Engineers, Westel11 South Dakota Water Plan, Stage II,
$27,403, 1980.

U.S. Forest Service, "RecOlmaissance Inventory of Environmental Impacts of
Uranium Mining in the Southel11 Black Hills," $24,956, 1980-81.

Black Hills Conservancy Subdistrict, "Effects of Uranium Test Hole DIilling on
Ground Water in the Eastem Black Hills Area, South Dakota," $7,821,
1980-81.

PeIl)etual Service Corp., "Stream Gaging of Slate Creek," $9,086, 198 I-82.
U.S. Department of Energy (with William Roggenthen), "Low-level radioactive

wastes in semi-aIid shale-hosted sites," $50,000, 1984-85.
South Dakota Govel11or's Office of Economic Development, "Application of

geothennal resources in Westem South Dakota," $53,844, 1987-88.
South Dakota Water Resources Research Institute (with Arden Davis and Thomas

Propson), "Black Hills Water Resources Model," $56,000, (1987-88);
$50,061, (1988-89); $54,000 (1989-90).

South Dakota Govemor's Oflice of Economic Development, "Geothennal Water
Utilization for the City of Belle Fourche, South Dakota: $12,500, 1988-89.

South Dakota Dept. Water and Natural Resources, Penneability of the Madison
Aquifer in the Black Hills Area" $24,823 (1990-91), $25,307 (1991-92).

South Dakota Dept. of Transportation (with V. Ramakrishnan), "Development of
a Type IP Cement," $74,977 (1991-93).

South Dakota Department of Environment and Natural Resources (with Cathleen
1. Webb), Potential chemical and environmental hazards at abandoned
mining sites in the Black Hills," $71,149 (1991-93).

21



904 25. U.S. Forest Service (With Cathleen J. Webb and Arden D. Davis) "Abandoned
905 and inactive mine inventory in the Black Hills National Forest of South
906 Dakota," $100,000 (1992-93).
907 26. South Dakota Department of Environment and Natural Resources (with Rafiq
908 Islam and William Roggenthen) "Fluid flow and contaminant propagation
909 in fractured formations in the Black Hills area," $99,000 (1992-94).
910 27. South Dakota Department of Enviromnent and Natural Resources (with M. Ratiq
911 Islam) "A new effective method for characterizing fluid flow through
912 fractured fonnations," $39,956 (1993-94).
913 28. South Dakota Deparnnent of Environment and Natural Resources, "Remediation of
914 scale buildup in the Public Water Supply System, City of Philip, South
915 Dakota" $1,000 (1997).
916
917
918 Major Consulting Experience
919
920 I. John C. Macchi Const. Co., Hartford, CT, Interstate highway rock-cut slope
921 stability, 1966.
922 2. Charles A. Maguire Co., Providence, RI: Providence, RI, Ground water resources;
923 Central Connecticut ground water resources; Norwich, Connecticut
924 ground water resources, 1967-68.
925 3. Schmucker, Paul, Nohr, and Associates, Mitchell, South Dakota, Water
926 Resources ofIndian Reservations, 1970-75.
927 4. Francis, Meadow, and Gellhaus, Inc., Rapid City, South Dakota, Ground water
928 investigations, 1969-76.
929 5. City of Rapid City, Landslide studies, 1974-76, 1981.
930 6. Various private individuals, Water well and landslide problems, 1965 to present.
931 7. United Family Fanners, Carpenter, South Dakota, Hydrogeologic study of Oahe
932 Irrigation area, 1974-76.
933 8. Burlington-Northern Railroad, Billings, Montana, Hydrogeology of Madison
934 Limestone studies, 1975-76.
935 9. Argonne National Laboratory, Argonne, Illinois, Hydrogeology of Uranium mill
936 sites, 1976, 1980.
937 10. City of Belle Fourche, S.D., Hydrogeology of water infiltration gallery, 1979.
938 11. Oak Ridge Nat. Lab., Hydrogeology of Edgemont, S.D. uranium tailings area, 1979.
939 12. Perpetual Service COl1J., Hydrology of Deerfield Park Parcel, Pennington
940 County, S.D., 1980-90.
941 13. Remote Sensing Institute, S.D. State U., Syrian student hydrogeology training
942 program, 1980.
943 14. U.S. Forest Service, Construction of weirs in the Black I-lills, 1981.
944 15. JetTy McCutchin Petroleum Co., Dallas, Texas, Ground water studies, 1982, 1985.
945 16. Marline Uranium Corp., Danville, VA.: Ground water studies, 1983.
946 17. Rapid City Planning Commission, Landslide studies, 1982-85.
947 18. Wyss, Inc., Architects, Pennington Co., Cinnamon Ridge subdivision engineering
948 geology study, 1985.
949 19. Renner & Sperlich, Engineers, Colonial Heights Subdivision, Engineering
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geology study, 1985.
South Town Development Co., Engineering geology studies, 1985.
City of Wall, SD: Water well studies, 1985.
Omohundro and Palmerlee, Buffalo, WY, Ground water litigation studies near

Gillette, WY, 1986-88.
ReSpec, Rapid City, SD, Supercollider geotechnical studies, 1987.
City of Rapid City, SD, Slope stability study of sanitary landfill site, 1987.
Ellsworth Air Force Base, SD, Drainage problems at runway, 1989.
Tech. Info. Project, Hydrogeology of proposed waste disposal facility at

Edgemont, SD, 1989.
Low-Level Radioactive Waste Monitoring Committee, Boyd Co., NE, Ground

water studies near Butte, NE, 1989-93.
Burgess, Davis, Cannichael and Cannon, Sheridan, WY, Ground water studies at

AMAX coal mine, 1990.
ReSpec, Rapid City, SD, Infiltration study for Yucca Mountain, NV, 1990.
Bear Lodge Ltd., Inc., Sundance, WY, Water well pump test analysis, 1991.
FaITell, FalTell and Ginsbach, Hot Springs, SD, Hydrology of LaCreek Wildlife

Refuge, 1991.
City of Crawford, NE, Water supply study, 1992.
City of Chadron, NE, Waste disposal study, 1992.
City of Rapid City, SD, Siting requiremcnts for wastewater systems in thc

Madison Limestone, 1992.
U.S. National Park Service: Landslidc problems at Badlands National Park, 1993.
Piedmont Valley Improvement Assoc., Aquifer evaluation study, 1993.
AguiITe and Associates: Landslide evaluation in Deadwood, SD, 1992.
U.S. Dept. Justice, Geochemical study of Superfund Site at Butte, MT, 1993.
United Sioux Tribes, Hydrogeology of proposed landfill site near Lake Andes,

SD, 1993-96.
Northwest Engineeling, Tidioute, PA, Slope stability near Deadwood, SD, 1994.
Universisty of Toronto, Evaluation of geological engineering program, 1994.
University of North Dakota, Evaluation of geological engineering program, 1994.
Coca-Cola: Well permit, Rapid City, SD, 1994.
Gislason, Oosland, Hunter and Nalecki, New Ulm, MN, Landslide litigation,

1995.
Robert Moore, Rapid City, SD, Slope stability study, 1996.
Woods, Fuller, Shultz and Smith, Sioux Falls, SD: Flood litigation, 1996.
Ameson, Issenhuth & Gienapp, Madison, SD: Forensic geology, 1997.
Abourezk Law Offices, Sioux Falls, SD: Litigation for proposed feedlot, 1998.
BECOME, Inc., Box Elder, SD: Ellsworth AFB superfund site, 1998-2000.
Wyss Associates, Rapid City, SD: water supply for Frawley Ranch, 1999.
Fuller, Tellinghuisen, Gordon and Percy, Litigation for development at Spearfish,
SD,2000.
City of Spearfish, pump test, 2000.
DeMersseman-Jensen, Lawyers: litigation lor: (I) Ewert residential t1ooding, (2)
Lien limestone reserves, 200l.
Ralph Goodson, PE, Aquifer availability near New Underwood, SD, 2004.
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996 55. Cleghorn Springs Fish Hatchery, pumping scheme, 2004.
997 56. Jim Glines gypsum sinkhole study, 2004.
998 57. Elk Creek Water Trust, Inc., Hydrogeology of Lower Elk Creek, 2004.
999 Bums & McDonnell, Hydrogeology of Rapid Ci
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